Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



Xibrar^ 

of tbe 

Tllniverait^ of Mi9con0in 






/^ x^ 



jf^aen^H 




University Extens'o-j T'iv;:;, 



Swimming Pools 

Their Construction, Mechanical 
Installation, Water Supply; Heat- 
ing the Water; Various Types of 
Installations. With More Than 
Thirty Illustrations and Charts. 



By JOHN K. ALLEN 

Formerly Editor of * 'Domestic Engineering** 

And 

ALFRED G. KING 

Author of ''Practical Steam and Hot Water Heat- 

ing and Ventilation.*' 



Second Edition. 



PRICE 75 CENTS. 

Domestic Engineering, 
445 Plymouth Ct., Chicago. 



Copyright 

Domestic Engineering 

1915. 



sy 

•K\-5 



•i 



Contents 



Page 

Introduction 5-6 

Location of the Pool 6-7 

Construction 7-8 

Steel Pan 8-10 

Waterproofing 11-15 

Dimensions 15 

Drainage and Sanitation 15-21 

Temperature 21 

Lighting 21-23 

Ventilation 23 

Supplementary Equipment and Administration 24-26 

Methods of Heating 26-28 

Heating Water by a Feed Water Heater 29-31 

Heating by Submerged Coils 31-32 

Heating by Injected Steam 32-38 

Heating by Live or Exhaust Steam 38-39 

Combined Steam and Hot Water Heaters 39-41 

3 



Contents— Continued 



Page 
A Complicated Plant 41-47 

Heating the Water 47-48 

Quantity of Submerged Coils Necessary 48-51 

Heating the Water by Hot Water Heaters 51 

Heating Surface Required 51-52 

Another Method of Determining Grate Surface Re- 
quired 52-54 

Heating the Water by Feed Water Heaters 54-55 

Heating by Special Heaters 55-56 

Heating by Injected Steam 56-60 

Some Closing Don'ts 60 



Swimming Pool 



ABOUT ten years ago John K. Allen, then editor 
of "Domestic Engineering," recognizing the need 
of specific data relating to the designing and con- 
struction of swimming pools, gathered together and edited 
such information and tables as were at that time available 
regarding the construction of swimming pools particularly 
as to methods of heating the water and of providing prop- 
er sanitation, and published this material in book form. 

Prior to the advent of this little book practically noth- 
ing in the way of instructive literature on this subject had 
been published excepting a few short special articles 
describing principally certain individual installations. Mr. 
Allen wrote the following preface to his discussion of the 
subject: 

"The rapidly increasing number of public baths, athletic 
clubs. Young Men's Christian Associations and similar 
institutions in whose buildings swimming pools are con- 
structed, emphasizes the fact that up to this time there 
has been little available in printed form giving data to 
assist the architect, engineer, steamfitter or plumber in 
their design or construction. A few fugitive articles de- 
scribing individual installations have been published in 
the engineering press, but these have not attempted to 
give any data and but few details. Each installation seems 
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to have been treated as an hitherto unmet condition call- 
ing for special investigation and solution and the installa- 
tions have been so few in number that no one has thought 
it desirable to collate the data and place it in such form 
as to make it available for the use of others. As editor 
of "Domestic Engineering" I have received «o many re- 
quests for information concerning various details con- 
nected with swimming baths that it has seemed desirable 
to treat the subject in a general and elementary manner. 

"The swimming bath is of comparatively recent intro- 
duction. While the British "Baths and Wash-houses" act 
providing public facilities of that character dates back to 
1846, no provision was made for swimming baths until 
an amendment to the act was made for that purpose in 
1878. 

"The popularity of the swimming bath justifies its es- 
tablishment In public baths where there are swimming 
pools as well as other forms of baths provided, records 
show the pool to be utilized to a much greater degree 
than other baths." 

Much of the data gathered by Mr. Allen is today of the 
same value as when first published and it is the intention 
of the author to edit this material making such correc- 
tions and additions as will be suggested by the expe- 
rience of the last ten years. 



Location of the Pool. 

There are, generally speaking, three conditions met 
with in locating swimming pools in buildings, (a) Con- 
ditions which require the construction of the pool in the 
basement of the building and which require an excavation 
below the level of the basement floor, (b) Conditions to 
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be considered when the entrance to the pool is to be on a 
level with the first floor in which case the bottom of the 
deep end of the pool may be on or near the level of the 
basement floor, (c) Structural conditions to be considered 
when the pool is constructed on some floor above the 
basement, thus requiring that it be hung from or sup- 
ported by the frame work of the building. 

When the first condition (a) is to be met and it is 
required to place the pool in the basement of a build- 
ing, proper lighting and ventilation must be provided, 
otherwise it will become unfit for sanitary bathing. The 
ventilation should be of such volume that there will be a 
complete change of air every ten minutes and if possible 
direct sunlight should be admitted to the basement above 
the pool by means of a light shaft. The value of sun- 
light, full or subdued, should not be underestimated. 

When the pool is erected under conditions (b) or (c) 
the problem of furnishing proper light and air is more 
easily disposed of. The main problem to be met with 
under these conditions is to build a pool which will be 
water tight under all conditions of service without being 
too bulky or cumbersome in construction. 

Construction. 

To illustrate a somewhat extensive arrangement of de- 
tails a plan of a swimming pool with supplementary equip- 
ment of dressing rooms, toilet rooms, showers, needle and 
tub baths is shown by Figure 1. There are two general 
methods of shaping the bottom of a pool. Figure 2 shows 
an elevation of the pool illustrated by Figure 1 which is a 
very common design, and Figure 3 illustrates what is 
called a "spoon" shaped bottom. This shape has many 
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good points in its favor; the greatest depth of water J9 
12 or IS feet out from the end where a spring board may 
be fastened, thus giving the greatest depth where it is 
most needed for diving. 

In the plan of construction shown by Figure 2 there i? 



provided a coating of asphalt all around the pool on the 
bottom and up the side walls; then a layer of fireproof 
bricks laid in hydraulic cement; then a facing wall of 
enameled facing bricks, tile or glass. Frequently this 
layer of asphalt is laid upon the walls, then a layer of 
burlap, then more asphalt; the finished water proof course 
should be 1-inch thick. Anchor bolts are set in the side 
walls at such height as to be available for supporting a 
hand rail or a 1-inch swimming rope. 

The location of the pool will influence the type of con- 
struction to be employed, and also the method of water- 
proofing. Whatever type of construction is used the cor- 
ners of the lining should be rounded to facilitate ease of 
''«'°'°S- Suel To. 

A steel tank or steel pan is frequently used in the con- 



Steel Tank or Steel Pan 

struction of a. swimming pool. When the pool is located 
on a floor above the basement a tank of comparatively 
light weight construction must be provided and in this 
event no material or type of construction is as good as a 
Bteel tank lined with cement and glazed tile. A steel pan 



is also used in the construction of a pool below the base- 
ment floor and is especially serviceable in locations where 
there is a possibility of trouble on account of ground 
water. When used in this manner the pan and its frame 
work must be strong enough to resist the pressure of 
ground water when the tank is empty. When the pool 
is filled the pressure is equalized. 

The pan may be built in an excavation previously made, 
or put together on the surface and lowered into place. 

In making the excavation care should be taken that it 
conforms on its bottom to the contour of the floor of the 
pool giving support at all points. The lining of the tank 
should be of sufficient thickness to give added rigidity to 
the steel pan. The top course of steel sheets will be 
flanged over to receive a coping of marble, wood or 
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ensmeled brick. Figure 4 shows this style of construc- 
tion. 
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Waterproofing. 

A factor of the greatest importance in the construction 
of a swimming pool is the waterproofing, and this factor 
has presented more and greater difBculties than all other 
details of construction. 

When a steel pan is used as illustrated by Figure 4 the 
excavation will be backfilled and the surface water will 
have free access to the steel. The exterior of the pan 
should therefore be thoroughly waterproofed before the 
backiilling is done. This is not so necessary when a 
course of concrete protects it but is advisable even under 
these circumstances. 

The inside of the pan should also be waterproofed be- 
fore the lining of brick or tile is laid in place; otherwise 
the moisture, that will surely find entrance between the 
steel wall and the lining, will give trouble. As the pool 
may have a temperature rising perhaps to 80 degrees or 
tHore, it should be remembered that this heat will be con- 
ducted through the tile or enameled brick lining and the 
waterproof course should be of such a nature as not to be 
affected by the degree of heat to which the water is like- 
ly to be raised. There will be expansion and contraction 
because of this heat for which allowance has to be made. 
Concrete and steel expand about equally. 

A texture of felt, called Hydrex Felt, is an excellent 
material for waterproofing purposes. It is laid in alter- 
nate layers with hot layers of Hydrex compound. Felt 
laid in alternate layers of pitch at a temperature of 240 or 
250 degrees has also proved very satisfactory for water- 
proofing. Figure 5 illustrates one method of using Hydrex 
Felt. Double walls of brick are constructed with a layer 
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of the Hydrex Felt between the walls which keep the pool 
tight and free from outward or inward leakage. 
An outdoor pool does not always present the same diffi- 
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culties in the matter of water tight construction, as there 
is usually plenty of space available and the foundation and 
supporting walls may be constructed thicker and stronger 
than the indoor pool. 
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A layer of brick covered with tarred building paper; 
then another layer of brick and paper, and so on, gives 



good results when the walls are backed with a concrete 
filling. 
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Figure 6 shows a pool constructed of concrete with a 
rough coat inside, on which a facing of Winslow's water- 
proof cement, or of Stettin's cement is laid, also with a 
rough surface, on which the facing of enameled bricks, 
tiles or glass, is laid in hydraulic cement. Concrete ex- 
pands and contracts and expansion joints may have to be 
provided to prevent cracks. 

Should the pool be located in the building so that it 
may rest on the basement floor the construction may be 
in the case of large pools as shown in Figures 5 or 6, the 
waterproofing being necessary to keep the water within 
the tank from filtering through the walls. The steel pan 
as shown in Figure 4 could be used if strong enough to 
carry its contents without the support which would be 
given by the back filling if placed in an excavation. 

When the swimming bath is to be located on some one 
of the upper floors of a building a steel pan must be used, 
and the problems are great in cases of this kind. The 
increased strength required in the framework of the build- 
ing in order to sustain the immense weight of the tank 
when filled with water is one of them. The expansion and 
contraction due to heat, the swaying of buildings due to 
wind pressure, and the vibration of buildings due to buried 
or elevated transportation lines, etc., make it difficult to 
build a lining in a steel tank which will permanently re- 
main intact. 

Extensive experience with concrete and brick or mason- 
ry walls will lead some to prefer steel pans particularly 
below the ground; on the other hand large pools, if built 
of steel, are expensive. Due consideration must also be 
given to the character of the soil in which the pool is to 
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be built. Above all in the construction of swimming pools 
it is of prime importance that they shall be absolutely 
water tight. Dimensions. 

The dimensions of a pool must of course be governed 
by thejamount of space available for the construction of 
the same. Generally speaking, the pool should not be 
less than 25 feet in width and the length should measure 
at least double that of the width. A pool 30 by 60 or 30 
by 75 feet is considered to be of good dimensions for an 
indoor pool and this size may be increased to 60 feet wide 
by 150 feet long for an outdoor pool. 

Whatever size may be determined upon the length 
should be divisible by 3 and 5 for convenience in marking 
distances for competitive games and races. For this rea- 
son it is a mistake to build pools 40, 50, or 80 feet long. 

The depth of the pool will depend upon whether it is 
to be used by adults or children. Many outdoor pools 
have a section at one end suitable for the use of children 
in which the depth of water is but 12 inches and from this 
section there is a gradual slope to 8 or 9 feet in depth at 
the deepest end. 

The questions of size and depth are often conditioned by 
other matters such as the number of people who will use 
the pool, the cost of heating and for water (if water sup- 
ply is metered) and possibly whether the pool will be used 
for swimming races or diving contests. 

A depth of 4 feet at the shallow end increased to 8 feet 
at the deep end is a depth of water very frequently pro- 
vided in the ordinary type of indoor pool. 

Drainage and Sanitation. 

These matters are possibly more important than are cer- 
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tain other details of construction, such as size, depth, etc. 
The water supply must be free from organic or inor- 
ganic impurities. It should be abundant enough to permit 
a frequent, daily if possible, change of water in the pool. 
In one pool, beautifully clean, where the bathers average 
2,250 a month, the water is changed twice a week. The 
frequency of the change will depend on the number and 
character of the bathers. The water should be filtered. 
One has but to compare a pool containing filtered water 
with one filled with unfiltered wate, to instantly note the 
difference. Unless the water supply is of exceptional purity 
and cleanness, the body of unfiltered water in the pool will 
seem like a weakened solution of ink, while the filtered 
water has a beautiful translucent opaline tint which is en- 
trancingly inviting. 

Stringent provisions must be enforced to prevent care- 
Jess fouling of the water by bathers. Spitting should be 
prohibited. Urinal accomodations should be provided to 
be invariably used by bathers before entering the pool. 
If possible to adopt a system of water supply and heating 
by which currents shall be maintained in the pool the 
water will be aerated and kept in better condition. Sur- 
face impurities must be removed. The pool should be 
frequently emptied for cleaning, and, because standing 
bodies of water cause slimy deposits, the walls should 
be of perfectly smooth, impermeable surfaces, unbroken by 
wall chases or pockets. No pipe coils or standing over- 
flows should obtrude into the pool. In swimming matches 
obtruding objects are very objectionable. 

Great care should be exercised to guard against the 
infection of the water by persons supposedly afflicted 
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Drainage and Sanitation 

with cutaneous, venereal, infectious or cominiinicable dis- 
eases. Hygienic considerations require .that a rigid scru- 
tiny should be made of all bathers. Habitues of the bath 
should be required to show a decent regard for modest 



proprieties of life and for the rights of other bathers. The 
form of a spittoon (Fig. 7) designed especially for swim- 
ming pools, is flushed and connected with the sewer. A 
still better arrangement for this purpose is shown by 
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Figure 8 which illustrates a cross section of the upper 
wall of a pool and shows a continuous trough built at 
the water level the whole length of each side. The trough 
is recessed so that its front edge is flush with the inside 
wall. Frequent drains should connect with the trough 
leading to the sewer. The trough serves as a spittoon and 
is constantly flushed by the water splashing over the edge, 
this edge also serving as a support for bathers, thus doing 
away with a hand rail or swimming rope. 

Another form of a guttter overflow quite similiar in 
design is shown by Figure 9. It can be made of enam- 
eled brick or marble. One and one-half inch wastes, 
guarded with brass strainers, are placed in the bottom 
every twelve or fifteen feet, the waste pipes leading into 
a general 4 inch waste pipe surrounding the pool, or each 
drain may be carried individually into the main overflow 
pipe above the trap as may be most convenient. The form 
of overflow illustrated by Figures 8 and 9 is very effica- 
cious in keeping the pool clean all the time, as the action 
of the bathers constantly agitates the surface and causes 
the surface water and its impurities to be removed. 

A coping rising two or three inches above the room 
floor should be provided which will prevent washings 
from the floor from running into the pool. This coping 
should be not less than 12 inches wide and a width of 16 
inches is better and should be 18 inches above the water 
level of the pool. The room floor should slope away 
from the pool to drains placed some distance from the 
pool. The drains from the spill-way gutter around the 
pool may connect into this main drain if desired. 

The drainage of the pool is a very important matter; 
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the lowest point in the poo! should be constructed with a 
gutter, either pitched towards the corner, if it is more con- 
venient to have the waste pipe taken from there, or pitched 
towards the center, if it is desired to take the waste from 
that point. The fall ought to be 3 to 4 feet at least in 
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Pig. 8. 

the length of the pool and the sewer opening ample in size 
in order to get rid of the water rapidly. If more con- 
venient the lowest point in the pool need not be at the ex- 
treme end, but may be nearer the center. The location of 

19 



Swimming Pools 



the waste will be determined by the construction of the 
heater room, in which all controlling valves should pre- 
ferably be placed. 

It may be that the form of the building in which the 
pool is placed will not permit the heater room to be 
located at the lowest end of the pool, in which case it may 
be placed at the side, the waste and supply being piped into 
the end having the greatest depth. The level of the sewer 
end of the bottom of the pool should be considered before 
the pool is built as it is essential that proper drainage 
may be had, otherwise the expense of pumps for emptying 
the pool will have to be considered. 

Flush with the bottom of the lowest point of the pool a 
brass striainer should be placed over the entrance to the 
waste pipe, preferably with a convex top, preventing the 
entrance of foreign matter into the waste pipe; if convex it 
does not permit the outlet to become covered up. The 
waste pipe should be large, 6 or 8 inches being am- 
ple for most pools. The water must pass off rapidly or 
the pool is useless for a long period while the water is 
being changed. 

The waste pipe is carried downward far enough to pass 
under the retaining walls of the pool. It is then dis- 
posed of in accordance with one of a number of plans 
which will be shown later. Its general treatment is to 
have placed upon it a gate valve which, when open, allows 
the water to flow from the tank. A running trap is 
placed on the waste pipe with clean-outs accessible from 
the floor. This running trap prevents the air from the 
sewer from entering the pool when it is empty and it may 
be vented if desired. 
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An overflow of sufficient size is essential. It should be 
placed at the proper height to retain the desired depth of 
water in the pool, the entrance to it being covered with a 
convex brass strainer. The overflow pipe should be 3 or 4 
inches in diameter and should enter the waste pipe be-. 
tween the draining valve and the running trap. No stand- 
ing waste and overflow should be permitted; the scum 
which collects on the surface of a used tank is not re- 
moved by an ordinary overflow. A surface spray has been 
designed and installed in a number of pools which is help- 
ful in removing the surface water of the pool. The form 
of gutter illustrated by Figures 8 and 9 is especially help- 
ful in removing the scum when used in connection with 
a surface spray. One form of surface spray is illustrated 
by Figure 10; it is supplied with cold water placed at the 
shallow end of the pool 15 to 18 inches above the water 
level. When turned on it causes a gentle surface move- 
ment towards the overflow and removes the scum. 

Temperature. 

The temperature of pools varies with the requirements 
in each case. For general swimming pools where the 
bathers remain in the water for long periods, the tem- 
perature should be from 74 to 75 degrees Fahr. For 
cold plunges the temperature may go so low as 65 de- 
grees. A much lower temperature makes too great a de- 
mand on the body's vitality. The temperature of the room 
should be 82 degrees Fahr., and if warmed by direct 
steam the radiating surfaces should be protected by screens 
or gratings to prevent the bathers from burning them- 
selves. Lighting. 

A dimly lighted room invites uncleanliness, and that 
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cannot be tolerated in a swimming bath. A well lighted 
room assists the tonic effect, both mental and physical, 

which should result from a plunge. 
^<^ The healthful effects of sunlight 

have been well pointed out by 
Koch, who states that the tubercle 
bacillus is killed by the action of 
direct sunlight in a time varying 
from a few minutes to several 
hours, depending upon the thick- 
ness of the layer (of substance) 
exposed. Diffused daylight also 
has the same effect, although a 
considerably longer time of ex- 
posure is required. Duclauxsays 
that sunlight is one of the most 
potent and one of the cheapest 
agents for the destruction of 
pathogenic bacteria, and that its 
use for this purpose is to be re- 
membered in making practical 
hygienic recommendations. 

Fig^ 9. On this same subject, M. J. 

Rosenau, M.D'., of the Hy- 
gienic Laboratory of the United States Public Health and 
Marine Hospital Service, says: 



' ■ ■ r 








"Sunlight is an active germicide. It destroys spores 
as well as bacteria. The importance of the sun's rays in 
destro3ring or preventing the development and growth of 
micro-organisms in nature cannot be over-estimated. . . 
Even diffused light retards the growth and development 
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of micro-organisms, and if strong enough may finally kill 
them." 

The handbook of the German Imperial Board of Health 
says of sunlight: "Light, which illuminates the most re- 
mote corner of a room, impels us to cleanliness and de- 
stroys many of the minute bacilli which are the causes of 
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Fig. 10. 

decomposition, putridity and disease. On the other hand, 
dirt and dust easily accumulate in dark rooms." 

Ventilation. 
The moist, humid air of a swiming bath easily becomes 
offensive unless frequently renewed by ventilation. To be 
sure the human occupancy of a swimming bath bears such 
a small ratio to the cubical contents of the room, that 
the problem of ventilation is an easy one, but the air 
should not be allowed to become **dead." 
^ In discussing the location of the pool we have stated 
that the air of the room should be changed as frequently 
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as every ten minutes. This is particularly desirable when 
the pool is to be used for aquatic sports or contests, and 
there are a considerable number of bathers and possibly 
several hundred spectators present. 

Many pools are located in buildings mechanically heated 
and ventilated, that it, a blower system is installed, and an 
abundance of pure warm air is admitted to the room under 
a slight pressure which forces out the foul air through 
ventilating ducts. When these conditions exist the ven- 
tilation is usually adequate. 

When no provision has been made for ventilation and 
the building is heated by direct steam radiation it is es- 
sential that a ventilating apparatus be provided. Foul 
air ducts leading from the floor to the roof of the build- 
ing should be built in the walls with ventilating open* 
ings at the floor line. If a power boiler is used for warm- 
ing the water or operating pumps, a small fan and heater 
may be installed which will warm the fresh air to be in- 
troduced for ventilation and will exhaust the foul air. 
In fact any method of ventilation that is positive and 
efficient may be employed as circumstances will per- 
mit. 

Supplementary Equipment and Administration. 

The supplementary equipment of a swimming pool must 
include an adequate number of shower baths and toilets, 
and may include needle and tub baths. 

The number of showers to be provided depends large- 
ly upon the number of bathers and the amount of funds 
available for the purpose. A shower may be provided for 
each dressing room or the dressing rooms may be built 
in pairs having one shower for each pair. A particularly 
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good arrangement for a large pool is to build the dress- 
ing rooms in groups of four or six with shower and toi- 
let accommodations for each group. 

Some public pools are so arranged that showers are 
placed at either end of the row of dressing rooms with 
an attendant in charge of each, whose duty it is to super- 
vise their use by those who are preparing to enter the 
pool. Urinal and toilet accommodations are afforded in 
each of these compartments. A screened passage in front 
of the dressing rooms has outlets at each end leading to 
the showers and no person can enter the pool from the 
dressing rooms without coming under the eyes of the 
supervising attendants. 

It is advisable that the entrance to the dressing rooms be 
from a passage or corridor extending along the rear of 
the rooms, the entrance being through an administration 
room or office located at one end of the corridor. 

If provision is made for spectators it is essential that 
the entrance provided for their use should be independent 
of that used by the bathers and a particularly good plan 
calls for a spectator's gallery above the dressing and ad- 
ministration rooms. 

The entrance to the pool proper should be by means of 
ladders located on the side walls at either end where they 
will not interfere with aquatic games or competitive con- 
tests. Steps leading to the pool are always undesirable. 

It is essential that a good system of filtering the wa- 
ter be installed. A small filter may be used in connection 
with a water, storage system or a larger plant with quartz 
sand beds, etc., may be installed if the cost is not pro- 
hibitive. 
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The cost for water in some localities is considerable, 

and when it is necessary to empty the pool daily or at 

short intervals, a re-tiltering and sterilizing plant is a 

necessary supplement to the equipment. 

Methods of Heating. 

The heating of a large body of water such ks a swim- 



ming pool presents may problems which must be met oi 
considered for each individual installation. 

Several different methods of heating the water may be 
used, that being adopted which is most available. One 
of four tiiethods is generally installed: 

(a) The water is circulated through a hot water boiler 
of the type used for warming buildings with hot water. 

(b) Steam is injected directly into the poo) itself 
or into a mixing pipe before the water reaches the pool. 
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(c) The water is heated by exhaust or live steam 
through the medium of a feed water heater. 

(d) Steam coils submerged in the water of the pool 
warm the water by direct contact with it. 

Other methods, which we shall later discuss, are also 
sometimes employed; those enumerated, however, are 
those most commonly used. 

Probably the most simple method is that of heating the 
water by circulating it through a hot water boiler. How- 
ever, for the installation of this method, it is necessary 
that the conditions of building construction will allow 
the boiler to be set sufficiently low that the water will re- 
turn to it by gravity. Figure 11 illustrates the method 
and when used the inlets and outlets for the flow should be 
so located that the currents of heated water will not 
short circuit to the outlets but will reach every part of the 
pool before passing to the outlets or return pipes. 

Figure 12 shows another adaptation of this type of ap- 
paratus and illustrates a simple method of piping the cold 
water supply to a swimming pool. The supply pipe "A" 
should be 3 or 4 inches in diameter. It is brought up to 
the level of the feed pipe to the heater "E" and an angle 
valve "B" is placed in it. It is then fed into the bottom of 
the heater, a gate valve "D" being placed on it as shown. 
A circulation branch pipe "F" from this feed pipe "A" is 
taken off the same size and led into the bottom of the pool 
and covered with a convex brass strainer. The flow "G" 
from the heater "E" is also led into the pool at a higher 
level than the circulating pipe "F^ and the supply of water 
to the pool may be distributed across its whole width by 
using a perforated discharge pipe. By this system of 
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three valves the water supply is under complete con- 
trol. When the pool is to be filled the angle valve "B" 
is opened, the gate valve "D" is opened and the gate 
valve **C" is closed. The water passes through the heater 
"E," its temperature being governed by the degree which 
the valve is opened. The heater fills until water passes 
up through the flow pipe **G** and runs into the pool. 
The heater in the illustration shown is of the ordinary 
domestic hot water house heating type. The fire in the 
heater is then lighted and the pool fills with warm wa- 
ter. When filled to the level of the overflow the angle 
valve "B" is closed and the gate valve "C" is opened. 
The circulation is then from the pool through the cir- 
culating branch "F" into the heater "E," out of the flow 
pipe "G" into the pool. This circulation may be carried 
on as rapidly or as slowly as desired, the partial clos- 
ing of *'D" governing it completely. When the water in 
the pool has reached the desired temperature the fire 
in the heater may be checked so as to maintain it. It is 
plain that the temperature of the water in the pool may 
be raised to the desired temperature, say 65 degrees F., 
by continuing this circulation. The water in the pool 
may then be kept fresh by gradually changing it. This 
may be done by closing valve "C* and opening the angle 
valve "B" to the desired extent. The cold water sup- 
ply will then pass through the heater, be warmed, and 
flow into the pool, and a like quantity of water will pass 
out through the overflow into the sewer. If desired, the 
valve "D," may be closed, "B" and "C opened and 
the tank filled with cold water and then be heated by cir- 
culating through the heater. 
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Heating Water by a Feed Water Heater. 
Figure 13 shows the floor plan of a pool with the location 
of its hot water inlet and the suction waste in opposite 
diagonal corners. This pool is 22x31 ft.x7 ft. in depth. Its 
bottom and sides are lined with white tile fioished with 
marble coping and the bath is approached by marble 



Fig. 13. 

stairs. In this installation the top of the wall of the 
pool is on a level with the basement floor of the build- 
ing, the bottom of the pool is several feet below the 
street sewer and also below tide water. The walls arc 
built of brick laid in cement with a coating o£ cement on 
both sides of the brick work; the outside coating is cov- 
ered with asphalt. The floor of the pool is of concrete. 
The pool contains about 300,000 pounds of water and 
must be heated to 70 degrees in four hours and the water 
must be renewed once each day. The water supply is 
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heated by a feed water heater of 250 H. P. Figure 14 
shows how a steam pump circulates the water from the 
pool through the feed water heater and empties the pool 
when necessary directly into the sewer. A delivery pipe 
from the feed water heater leads to the pool to a point 
about three-quarters of its depth. From a gutter at the 
diagonal corner of the pool a suction pipe leads to the 
pump. The cold water supply is brought into the feed 
water heater. Live steam taken directly from the boiler 
enters the top of the water heater and warms the water 
as it flows through the heater. The city pressure fills the 
pool with water which is warmed as it passes through 
the feed water heater. A gate valve controls the water 
supply which, when the pool is filled, is closed. If the 
water has not been raised to the required temperature by 
once passing through the feed water heater it is again 
passed through by the pump. When this is done the live 
steam supply to the feed water heater is shut off and the 
exhaust steam from the pump is let into the feed water 
heater and supplies heat to the water. A back pressure 
valve on the exhaust pipe prevents nearly all back pres- 
sure on the steam pump. The pump takes the water 
from the gutter and in carrying it through the suction 
pipe delivers it into the feed water heater, passing it 
through the heater and delivering it into the pool through 
the flow pipe. This circulates continuously until the tem- 
perature has reached the desired point; thereafter the 
circulation is only kept up enough to make up for the 
loss of temperature by radiation and evaporation. The 
piping i*s so valved that the pump can be used to discharge 
the contents of the pool into the sewer. The feed water 
heater has a grease extractor so that its condensation is 

30 



5 i 






Heatiag by SubmBrg«il Coil 

used to feed the steam boiler. When the pump is emptj'' 
ing the pool the exhaust enters the feed water heater for 
the purpose of warming the water for the steam boiler. 
The illustration and description are of an actual installa- 
tion and many details of the construction of this pool are 
today not considered good. For instance, the size of the 
pool, 22x31x7 feet, is poor. A pool 32x30ft. or 20x60 ft. 



Fig. IE. 

would be much better. The steps leading to the pool 
should be dispensed with and portable ladders substituted. 
The expense of constructing the end of the pool in which 
the steps are situated might better have been applied to 
making the pool larger or to adding to the equipment of it. 
Heating by Submerged Coils. 
As an example of this method note the illustrations. 
Figures 15 and 16, which show respectively a cross-sec- 
tion and side elevation of a small pool. 
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By far the poorest method of heating water in swim- 
ming pools is to have the heating coils located directly tn 
the pool. It is unsanitary because it gives space for 
lodgment of foreign matter around and behind the pipes, 
and it is not desirable to have anything which can pos- 
sibly be avoided obtruding into the pool. For a cheap 
construction it may be desirable to do this, and the 
method of doing it is shown in Figures IS and 16. In 
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such an installation either live or exhaust steam is used 
to supply the coils. 

We recommend that this type of heating he dispensed 
with entirely owing to its poor character and objection- 
able and unsanitary points. 

Heating by Injected Steam. 

One of the most effective methods of heating is by in- 
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jecting steam into the water, and where live «team is 
available for the purpose there is no better method. 

Steam may be injected into the water of the pool itself 
or into the water just before it leaves the supply pipe 
at its entrance to the pool. 

A simple form of this method of installation is shown 
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in Figure 17, in which the pool is filled with cold water 
from the street main, the supply not showing in the il- 
lustration. The maximum depth of water carries the 
water line to an overflow placed above the inflow pipe. A 
circulation pipe "A" is taken from the bottom of the pool 
and carried up to the point where the inflow is to be. By 
taking a 90 degree wrought iron elbow, with a 2-in. heel 
opening, a mixing arrangement can be made as shown 
in Figure 18 which will introduce live steam into the water 
and form a siphon, the suction constantly drawing water 
from the bottom of the pool, warming it, and discharging 
it into the top of the pool. The steam pipe should have a 
gate valve permitting the steam to be shut off when the 
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water is warm enough or partially closed if its full capac- 
ity is not needed to maintain the temperature of the 

This method of installation maintains a constant cur- 
rent of water in the pool, which is highly desirable. Two 
spraying nozzles at the opposite end of the pool create a 
surface movement towards the overflow removing scum 
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and floating matter. As the pool is below the sewer level 
the waste is by an open, unvalved pipe into a sump, in 
which is placed a submerged, electrically driven pump, 
with automatic control. The water stands in the sump on 
a level with the water in the pool, and any rise in the 
level automatically starts the pump. When it is desired 
to empty the pool the automatic control is removed and 
the, pump discharges the contents of the pool into the 
sewer. 

Another form of making the steam injector is shown 
in Figure 19, where a 4-in. tee on the water main has one 
end reduced by a bushing and the S-in. steam main in- 
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troduccd into it This is extremely simple and efficient. 
A continuous water heater and steam ejector is shown 
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For the injection of steam at any pressure or exhaust 
steam directly into the water of the pool a device as 
shown in Figure 21 is used. It is claimed to be noiseless 
under any pressure as the construction of the device is in- 
tended to muffle the sound. Several patented devices of 
like nature are to be had. An air pipe introduces air into 
the water if desired, but its use is not necessary where 
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Fig. 28. 

only moderate temperatures are needed. Figure 22 shows 
the application of this service, a baffle plate assisting in 
creating a circulation in the pool. 

The efficiency of the method of injecting the steam 
into the water has been repeatedly proven. A notable ex- 
ample is found in a Nebraska city where a swimming 
pool in a Y. M. C. A. building containing 40,000 gallons 
of water is warmed with low pressure steam to 76 de- 
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grees in three to four hours. Before the installation of 
this method two days were required to warm the water. 
Heating 1^ Live or Exhaust Steam. 
Figfures S3 and 24 show another method of heating the 
water by a feed water heater or by the injection of live 
Cteam into the water. The cold water supply comes from 



Fig. S*. 

filters and passes down to a three-way tee where it is 
carried to the right and left to vertical pipes which form 
the ends of a parallelogram. The cold water supply is 
admitted to the tank at two points, "A" and "B," and may 
be heated at these points by the introduction of steam 
which is conducted to the same opening by a S-in. steam 
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pipe, cross connected, so that live or exhaust steam may 
be used. The cold water supply pipe is 5-in. the right 
and left branches are 4-in. and the vertical risers are 4-in. 
Either cold or hot water may be introduced at the points 
"C" or "D"; the cold water is governed by a valve on 
the 4-in. vertical pipe, and the hot water is governed by 
valves on the 3-in. horizontal right and left branches. 
The hot water is supplied to the tank by a 4-in. pipe 
cross-connected to feed water heaters. Figure 28 shows 
a section of the piping shown in elevation in Figure 24. 
The waste is through an 8-in. pipe, governed by a gate 
valve on the outside. 

The overflow is from the shallow end of the pool and 
is not made in accordance with the best practice, which 
frowns upon any pipe obtruding into the pool. It is a 
standing overflow and the water level is governed by a 
slip pipe. A spraying nozzle at the end opposite the 
overflow, fed from the house tank, creates a surface flow 
which carries scum to the overflow end of the tank. Fig- 
ure 10 shows the design of this spraying nozzle. 

Combined Steam and Hot Water Heaters. 

One method of installation combines steam and hot 
water house heating boilers, the steam boiler being used 
for supplying heat for the building in winter and aiding 
in heating the water for the bath, and the water heater 
supplying the hot water for the swimming pool in sum- 
mer and doing a portion of that duty in winter. This 
combination possesses the advantage of supplying the 
heat for the building and heating water for the bath, and 
at the same time provides a plant which it is not neces- 
sary to utilize all the time in its entirety. In many swim- 
ming pools the patronage is variable; on some days more 
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people bathe in eight or ten hours than come during the 
remainder of the week. On this account it is necessary 
to supply a system which will meet the maximum demand. 
In this combined system, as already stated, the steam heat- 
er can be used to heat the building, and by means of the 
auxiliary water heater attached to it shown in the illus- 
tration it can also supply all of the hot water needed ex- 
cept during rush hour-s, when the water heater can be 
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Fig. 26. 

placed in operation. Conversely, during the summer the 
water heater only need to be put into duty, unless a larger 
demand may require the steam heater to assist in supply- 
ing hot water. This combination is shown in Figure 25, 
in which "A" is the steam heater and "B" the hot water 
heater. "C" is the pipe leading to the steam heating sys- 
tem of the building. "D" is the steam inlet pipe to the aux- 
iliary hot water heater "E." "F" is the steam outlet pipe 
returning into the steam heater "A." "G" is the tank for 
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storage purposes which is governed by a thermostatic 
valve "H" controlling temperature at any desired point. 
The details of the auxiliary hot water heater "E" are 
shown in Figure 26 on page 35. 

A Complicated Plant 

Another type of installation is shown in plan in Fig- 
ure 27, and in detail in following illustrations. This in- 
stallation is applicable to a large apartment building, 
hotel, club or other structure in which the mechanical 
equipment is very complete. In this installation atten- 
tion is paid particularly to an economic handling of the 
problem, so that the heating of the water is not made a 
matter of initial expense, but water is used in the bath 
which has previously been used for other purposes. The 
designer and the constructing engineer should always 
make Economics and Operation walk hand in hand. In 
the installation shown by these illustrations a liberal de- 
mand for water in the swimming bath promotes the effi- 
ciency of the mechanical installation and reduces, rather 
than increases, the operating expense of the establish- 
ment* 

The bath in this case is constructed of reinforced con- 
crete walls and floor, the pool being, in the case from 
which the illustrations are taken, in an excavation in the 
solid rock. The concrete walls have an average thickness 
of three feet and are reinforced by over-lapping sheets 
of expanded metal embedded in the concrete parallel with 
the surfaces. A waterproofing course of several thicknesses 
of tarred paper and hot asphalt is laid close to the outer 
surface of the concrete and embedded in it, and this water- 



•These details are taken from plans by R. P. Bolton, M. E., 
made for "The Ansonia," in New York. 
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proofing course is continuous over the whole exterior of 
the bath. The lining of the bath is of white glazed brick, 
laid in hydraulic cement. The bath is entered by three 
flights of stairs with white marble tread and riser slabs 
bedded in the concrete. A sump is excavated, extending 
below the level of the bottom of the bath, in which ground 
water is collected, from which it is ejected to the sewer. 
The concave form of the bottom of the pool was designed 
to resist the upward pressure from ground water when 
the pool is empty. In the side wall of the bath there is a 
vertical recess through which the inlet and outlet pipes 
are carried to the bottom of the bath, then extended 
underneath the floor of the bath. This recess is covered 
by a removable bronze grill of H-inch metal countersunk 
and screwed to the rebated face of two vertical bronze 
jamb plates. These plates are Z shaped with horizontal 
inside ribs, through which hook rods anchor them back 
to the concrete. The bath is enclosed by a brass railing 
on 2H-inch vertical posts which extend through the 
marble coping 18 inches into the concrete. This pool has 
a dimension of 86 x 33 ft. x 11 ft. maximum depth. Its 
highest water line is 9 ft. 9 in. and it has a capacity of 
23,000 cubic feet, or approximately 172,000 gallons. It 
n requires 3J4 hours to fill. 

By the complicated system of piping which is possible 
in the complete establishment in which it is installed, 
this bath is supplied in any one of the following ways: 

(a) With cold water directly from the street mains. 

(b) With cold water heated with injected live steam. 

(c) With tepid water. 

(d) With hot water. 

<e) With hot water superheated by steam, or 
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(f) Steam alone injected into the standing water at the 
bottom of the bath. 

Its normal supply is hot or tepid water, which has 
already been used in the refrigerating plant. All the 
water supplied to the bath is filtered and that which is 
used first for refrigerating purposes is circulated around 
coils, great care being taken to prevent contamination. 
Tepid water having a temperature of about 90 degrees 
is delivered through a 3-inch pipe from the closed ab- 
sorber of the ice plant. Hot water from 110 degrees to 
120 degrees is delivered through a 3-inch pipe from the 
ammonia condenser. Cold water is delivered through a 
4-inch pipe. Live or exhaust steam is delivered through 
a 1^-inch pipe. All these pipes connect into a header 
and they are so valved that the heater may receive a 
single supply or a supply from two or more sources at 
once. A 4-inch horizontal hot water pipe is carried 
nearly across the bath in a trench in the concrete floor 
covered with a removable bronze grill. This pipe is 
closed at its farther end. From it are taken three 2-inch 
horizontal branches about 20 feet long, open at their ex- 
tremities, each branch passing through a stuffing box into 
a 4-inch brass jacket pipe, closed at both ends and bedded 
into concrete floor about 5 inches below the finished sur- 
face. This jacket pipe serves as a shell from which the 
2-inch horizontal branch pipe may be removed if neces- 
sary without disturbing the floor of the bath. It also 
serves as a distributing chamber, which is filled from the 
inside pipe and discharged into the bath through small 
vertical brass nozzles ^ inch in diameter screwed into 
tees set about 24 inches apart on the 4-inch jacket pipe, 
their tips being flush with the finished floor surface. 
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There are thirty of these nozzles and through them water 
of any desired temperature between about 50 degrees and 
120 degrees is injected into the bath, its distribution being 
over the middle third of the bath floor. 

The 4-inch cold water supply to the header is valved 
and continues down the wall chase and across the bath 
floor in the trench. It is perforated with ^-inch holes 
3 inches apart on the upper surface. Its farther end is 
closed. Except under unusual conditions the bath will be 
supplied with warm or tepid water only and it is intended 
that its temperature should be maintained at 66 degrees. 
The engineer who installed this plant estimated the daily 
supply required to be 60,000 gallons, and in the city in 
which it is installed the rate is $1.00 per 1,Q00 cubic feet, 
which would make the annual cost of this water $2,800. 
By utilizing the water previously used in the refrigeration 
plant its cost is saved plus what it would cost to heat it. 
Another economic use of the water is after it has been 
used in the bath and passes on to the overflow sump it is 
reflltered and used for flushing the fixtures in the toilet 
rooms. This seems to be very undesirable. A fixed high 
water overflow is built in one wall of the bath and a brass 
box with a vertical bronze grating in the face of the wall 
just below the coping of the bath. (See Figure 28.) A 
removable convex strainer covers the outlet to an 8-inch 
waste pipe, which discharges to a sump, from which the 
water is periodically pumped into the sewer. This outlet 
is not ordinarily used, but a regulating pipe has been 
provided by the engineer which limits the height of water 
in the bath at a point lower than the overflow described 
and this height is adjustable. The regulating pipe is a 
6-inch iron pipe having its highest point 24 inches below 
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the high water overflow level The regnlating pipe rises 
from the bottom of tbe bath, ranning alongside tbe inlet 
pipe in the wall chase, thence in a floor trench to the 
pnmp sump. (See Figure 26.) When the bath is filled to 
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within two feet of its maximum depth this regulating 
pipe is always full of water and connects into a steel plate 
regulating tank, Figure 30, set in the upper part of the 
pump sump, its upper edge being a little above high water 
level in the bath. The tank overflows into the aump 
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through a vertical telescopic center standpipe, the upper 
part of which is controlled by a hand wheel and regu- 
lating screw. It slides through a stuffing box. The posi- 
tion of the upper edge of the standpipe determines the 
level of the water in the bath. A suction pipe runs from 
the lower part of the regulating tank to the pump which 
supplies the flushing system of the toilet rooms, and w^ter 
does not overflow through the waste into the sump until 
the demand for water for flushing is met. All of the 
water in excess of that required for the flushing system 
reaches the sump and is thence pumped to the sewer by a 
submerged centrifugal pump driven by a vertical shaft 
enclosed in a steel tube having its upper bearing above 
the water level This pump is so arranged that it will 
perform several duties. In providing more than one 
duty for a pump great care must be taken that no dan- 
gerous, careless operation by the engineer will be pos- 
sible. The pump suction has two inlets; one with a 
strainer to receive the water from the sump, and the other 
connected with the regulating pipe from the bath, and to 
the discharge from the ejectors which deliver the kitchen 
and the cellar drainage to the sewer. These are all 
valved so that the pump may serve either of the three 
duties, although it is usually used only for discharging 
the overflow water not required for flushing the toilet 
fixtures, and that water delivered to the sump from the 
ground water sump at the bath inlet by the automatic 
steam siphon which is installed there. The bath can be 
emptied in two hours by the centrifugal pump and the 
water discharged directly into the sewer, or circulated 
through a closed condenser on the exhaust connection 
of the elevator pump, thtis rendering additional service 
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before it is lost in the sewer. The kitchen and cellar 
waste and ground water are ordinarily discharged into 
the sewer by their own separate automatic apparatus, 
but connections are made to the centrifugal pump in case 
these apparatus should be disabled. 

Heating the Water. 

The problem before the heating engineer is the deter- 
mination of the heating power required for a pool of a 
given size, and the size of the apparatus necessary to gen- 
erate or impart it. 

These factors enter into the problem: 

(a) The quantity of water to be heated. 

(b) The time which may be consumed in the heating 
process. 

(c) The number of degrees in temperature which the 
water must be raised. 

For an illustrative problem a pool 50 feet long and 20 
feet wide may be taken, the depth of water to be 2}4 feet 
at the shallow end and 7^ feet at the deep end, or an 
average depth of 5 feet. The demands on the pool re- 
quire that the water shall be heated in ten hours. The 
initial temperature of the cold water supply is 45 degrees 
Fahr., and it is desired to maintain the pool at a tempera- 
ture of 65 degrees, so that the rise in temperature is 20 
degrees. This temperature of 65 degrees Fahr. is taken 
to make the problem a simple one. In actual practice 
the temperature of pools usually runs from 70 deg^rees to 
75 degrees Fahr. 

First. Determine the quantity of water to be heated. 
50 X 20 X 5 ft. (average depth) = 5,000 cubic feet. 

One cubic foot of water = 7.48 U. S. gallons; hence 
5,000 cubic feet of water =37,400 gallons. 
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One gallon of water weighs 8.33 pounds; hence 6,000 
cubic feet of water = 37,400 gallons and weighs 311,542 
pounds. 

A British thermal unit (of which B.t.u. is the general 
abbreviation) is the quantity of heat required to raise one 
pound of water one degree of temperature. If the natural 
temperature of the cold water supply is 46 degrees Fahr., 
and it is desired to have the water in the swimming pool 
at 66 degrees Fahr., the temperature of the water must be 
raised 20 degrees. This will require one B.t.u. for each 
pound of water for each degree of the raise in tempera- 
ture, or, for one degree, 311,542 B.t.u.; for 20 degrees 
raise it will require 311,542 x 20, or 6,230,840 B.tu. If 
we can have 10 hours in which to heat the pool we must 
employ 6,230,840 divided by 10, or 623,084 B.t.u. per hour, 
and an apparatus which will generate or impart that 
much heat must be installed. 

Given the principle of the solution of the problem, any 
other problem, involving varying quantities of the same 
factors, may be solved by it; and having found the number 
of B.t.u. required it must now be determined how to de- 
sign different types of installation so that each may per- 
form the required duty. 

Observation shows that steam and hot water fitters 
whose experience has not required them to design or 
install heating plants for swimming pools, invariably think 
an apparatus will be large enough which, when installed, 
proves to be about one-third the required power. Hence 
a word of caution seems necessary. 

Quantity of Submerged Coils Necessary. 

Experiments have determined that one square foot of 
pipe, filled with steam and immersed in water, will con- 
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dense 0.155 pounds of steam per hour for each Fahr. 
degree of difference between the temperature of steam 
and the mean temperature of the water. 

The mean temperature of the water is 45 degrees plus 
65 degrees — 110 degrees divided by 2 = 55 degrees. The 
temperature of steam at 1 lb. pressure above atmosphere 
is 215 degrees Fahr.* 

The temperature difference between steam at one pound 
pressure of 215 degrees and the mean temperature of the 
water, 66 degrees, is 160 degrfCes. By turning to Figure 
31, which is a "Chart to Find Steam Pipe Needed for 
Heating Water in Tanks," and which is copyrighted by 
the American Radiator Co., and reproduced from their 
"Ideal Fitter" for 1906 by permission, it is found that 
with 160 degrees temperature difference 1 square foot oi 
pipe will condense 24.77 pounds of steam per hour. 

By turning to Figure 32 (also reproduced from "The 
Ideal Fitter," by permission) it is found that the line 
representing 3,800 gallons of water intersects the line 
representing a temperature increase per hour of 20 de- 
grees at the vertical line indicating the consumption of 
80 pounds of anthracite coal and a steam condensation 
of 688 pounds of steam. As 37,400 gallons of water are 
to be warmed in 10 hours, 3,800 are to be warmed per 
hour. 

As one square foot of pipe at the temperature differ- 
ence of 160 degrees condenses 24.77 pound-s of steam, it 
is seen that: 



*For temperaturea of steam at other pressures see page 89 of 
"Notes on Heating: and Ventilation," by Prof. John R. Allen. 
Published by "Domestic Engrineering." |2.50. 
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ess divided by 21.77 = S7.S pins, square feet of pipe 
will be required. 
One foot of 1 inch pipe contains 0,34 square feet of 
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surface: S7.S divided by 0.31 = 81 lineal feet. 

One foot of 1^ inch pipe contains O.SO square feet of 
surface: 27.5 divided by 0.50 = 55 lineal feet. 

One foot of 2 inch pipe contains 0.62 square feet of 
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heating surface: 27.5 divided by 0.62 = 44.5 lineal feet. 

To these results there should be added 50 per cent to 
allow for incrustation of pipes with continued service. 

Two-inch pipes, with an abundantly large steam feed 
pipe are recommended. 

Heating the Water by Hot Water Heaters. 

Our previous computation showed that 623,084 B. t. u. 
per hour for 10 hours would be required to raise the tem- 
perature of water in the pool from 45 degrees to 65 de- 
g^rees. The capacity of a hot water heater required for 
this duty may be arrived at as follows: 

Heating Surface Required. 

Each square foot of heating surface in a small boiler 
will evaporate about 2 pounds of steam. As will be seen 
from the results above, the steam condensed is 688 pounds 
per hour, so there will be required 344 feet of heating 
surface. For each square foot of heating surface we 
should have about one-twenty-fifth of a square foot of 
grate surface, «o there will be required about 13 square 
feet of heating surface. For each square foot of grate 
surface in a small boiler there will be burned from 6 to 
8 pounds of coal, which will correspond to an evapora- 
tion of 8 pounds of water, which is about right. 

These conditions are seldom realized, and an allow- 
ance should be made for poor drafts and foul heating 
surface. Twenty or twenty-five per cent should be added, 
or 50 or 62 J4 feet, making the heating surface desirable 
about 300 or 312 square feet. Manufacturers of boilers 
usually rate the carrying capacity of their heaters at ten 
square feet of radiation to one square foot of boiler heat- 
ing surface, so that a heater with a rated capacity of 
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3,000 or 3,125 square feet of direct water radiation should 
be large enough to warm the water of a pool 20 x 50 x 5 
feet (average depth) from 45 degrees to 65 degrees in 
ten hours. 

The foregoing method fixes the size of the boiler by 
determining the heating surface required. As manufac- 
turers usually rate boilers by grate surface, the follow- 
ing method may be used to find grate surface required: 
The tank referred to is 20 x 50 x 5 feet (average depth) 
and contains 5,000 cubic feet. One cubic foot of water 
equals 7.48 gallons; 5,000 cubic feet of water equals 37,- 
400 gallons, weighing 311,542 pounds. One pound of an- 
thracite coal burned contains 8,333 B. t. u., and will evap- 
orate 8.6 pounds of water. One square foot of grate will 
burn 8 pounds of anthracite coal per hour, and release 
66,664 B. t. u. It requires one B. t. u. to rai-se one pound 
of water one degree of temperature, or 20 B. t. u. to raise 
one pound of water 20 degrees. To raise 311,542 pounds 
20 degrees in one hour will require 6,230,840 B. t. u.; in 
ten hours, 623,084 per hour, which, divided by 66,664 
(B. t. u. released by burning eight pounds of coal on one 
square foot of grate surface in one hour) equals 90 plus 
square feet of grate surface required to warm the tank 
full of water in ten hours. 

Another Method of Determining Grate Surface Required. 
By reference to Figure 32 it is found that the horizontal 
line marked 1,000 gallons intersects the 40 degree diagonal 
line at the 40-pound vertical line, showing that 40 pounds 
of anthracite coal are required to add 40 degrees to 1,000 
gallons of water. To add 40 degrees to 37,400 gallons ot 
water would require 1,496 pounds of coal; or to add 20 
degrees it would take 748 pounds. Having ten hours to 
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do the work we divide 748 by ten and find we have to 
burn 74.8 pounds per hour. Eight pounds of coal are 
burned per hour on one square foot of grate surface, «o 
74.8 divided, by 8 = 9.4 square feet of grate surface, the 
necessary quantity, to which there should be added 25 
per cent for foul heating surfaces. 

Heating the Water by Feed Water Heaters. 

It may be taken as a basis for calculating the size of 
a feed water heater necessary to heat water for a swim- 
ming pool, that there will be a transmi'ssion of 200 B. t. u. 
per square foot of surface per hour per degree of differ- 
ence between the mean temperature of the water and the 
temperature of the steam used to heat the water. The 
mean temperature of the water is 55 degrees and the 
temperature of steam at atmospheric pressure is 212 de- 
grees, so that: 

Each square foot of surface will transmit 212 degrees 
— 55 degrees = 157 X 200 B. t. u. = 31,400 B. t. u. per hour. 

There are 311,542 pounds of water to be raised 20 de- 
grees, requiring 6,230,840 B. t. u. in one hour, or 623,084 
per hour in ten hours. 

623,084 divided by 31,400 = 19.8 plus, square feet of 
surface in the feed water heater. 

The loss of heat by evaporation from the 1,000 square 
feet of surface of the pool will be considerable and im- 
perfect circulation and foul heating surface will hinder 
results, so that 25 per cent additional heating surface 
should be provided, making, say, 24 or 25 square feet. In 
practice engineers add five degrees to the final tempera- 
ture, making it, in the problem we have been utilizing, 
70 degrees instead of 65 degrees. 
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In the following formula this added temperature will 

be noted: 

W X D 31,154 X 25 

S = = = 25 plus square feet 

c (T— t) 200 X 165 

S equals size of heater required. 

W equals pounds of water per hour to be heated. 

D equals temperature range. 

c equals constant for copper coils. 

T equak temperature of steam. 

t equals mean temperature of water. 

If live steam only is to be used in the feed water heater 
the table in Prof. John R. Allen's "Notes on Heating and 
Ventilation," page 40, will gi\e the temperature of steam 
at any pressure. Say the pressure is 60 pounds. By the 
table we find the temperature of steam at that pressure 
is 307.1 degrees. The la<st formula would then be stated 
thus: 

W X D 31,154 X 25 

S = = = 15 plus square feet. 

c (T—t) 200X250 

When a feed water heater is used for heating water in 
a swimming pool it is desirable that the steam pass 
through the tubes and the water circulate through the 
shell. A thermostatic temperature regulating valve can 
then be installed which will maintain the water at a de- 
sired temperature. 

Heating. by Special Heaters. 

Figure 33 illustrates a special form of heater devised 
some years ago for heating water for baths, pools, etc., 
and used with success. It is composed of two horizontal 
cylinders from six to eight feet long, according to tke 
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size required. The upper cylinder contains a perforated 
copper tube, through which all the hot water passes. The 
hot water expands this copper tube, which actuates a 
lever at the end of the heater and closes the valve when 
the water has reached the desired temperature. When the 
water cools the copper tube contracts, opening the valve 
for a new steam supply. The lower cylinder contains 
tubes which receive the steam and transmit its heat to 




Fig. 33. 



the water flowing through the shell. It is made with ca- 
pacities to raise from 1,000 to 10,000 gallons of water per 
hour from 60 degrees to 160 degrees. This type of heater 
works with high pressure, low pressure or exhaust steam. 

Heating by Injected Steam. 

Two methods are employed. The steam is either in- 
jected into the water before it reaches the pool, or it is 
injected directly into the pool. There is no difference 
in the number of heat units required and consequent con- 
sumption of coal; the injection of the steam into the wa- 
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ter before it reaches the pool is by far the better method 
of installation, for two reasons, if for no others: Injec- 
tion of steam directly into the pool requires an obtruding 
object which should not be permitted; the introduction 
of steam at a high pressure directly into the pool causes 
noise and turbulence. 

The injection of steam into the water as shown in Fig- 
ures 18 and 19 requires a determination of the heat units 
required, the consumption of steam taken from a plant 
possibly already overloaded, and the size of the steam 
feed pipe. In the problem under discussion we have al- 
ready found 6,230,840 B. t. u. are required to heat the 
water of the pool. A pound of steam at 60 pounds pres- 
sure contains 1,175.6 heat units. 

6,230,840 divided by 1,175.6 = 5,300 pounds of steam 
required to be condensed to raise the temperature of the 
water 20 degrees in one hour. If there are ten hours 
available to heat the water, 530 pounds of steam will be 
condensed per hour.* 

The consumption of anthracite coal is arrived at by 
knowing that from the consumption of each pound o{ coal 
8,333 B. t. u. are secured. 

6,230,840 B. t. u. divided by 8,333 = 747 plus — pounds 
of coal. 

One pound of steam at 60 pounds pressure has a vol- 
ume of 5.77 cubic feet; 630 pounds of steam would have 
a volume of 3,058.10 cubic feet, which would be the vol- 
ume of steam to be conveyed per hour. Even in very 
large pipes the velocity of steam should not exceed 100 



*The number of heat^nits In one pound of steam at other 
pressures is shown on page 40 of Prof. John R. Allen's "Notes 
on Heating and Ventilation." 

57 



Swimming Pools 



feet per second. The volume of steam, 3,058.10 cubic 
feet, to be transmitted in one hour, requires .849 cubic 
feet per second; a 2 inch pipe has an area of 3.14 square 
inches; 3.14 divided by 114 square inches = .0218 square 
foot; .849 divided by .0218 = 38.9 feet per second. While, 
theoretically, the size of the pipe may be reduced below 
two inches and the velocity increased, yet, practically, 
it is better to use a two inch feed pipe and throttle it 
down to the desired degree; this for two reasons: first, 
it may be assumed that under certain circumstances it 
may be desired to heat the water in the pool in less than 
ten hours; second, it is desirable to have a pipe of a tang- 
ible size to prevent breakages and disarrangements which 
might happen if a pipe of the exact theoretical size were 
to be used. 

If the pool is to be heated by injection of steam di- 
rectly into the pool, and the device shown in Figure 21 
is used, the following table may be used to determine the 
size required: 



Diam. of 

Stm. Pipe 

54-1 ncn . 

54-Inch . 

^-Inch . 

1 -Inch . 
154-Inch . 
154-Inch . 

2 -Inch . 
254-Inch . 

3 -Inch . 

4 -Inch . 
6 -Inch 

As there 



Capacity in Heat Units Per Minute. 

Steam Pressure. 



10 lbs. 


20 lbs. 


40 lbs. 


60 lbs. 


80 lbs. 


810 


1,040 


1,820 


2,485 


2,920 


. . 2,540 


3,270 


5,720 


7,620 


9,150 


. . 4,375 


5,625 


9,845 


13,125 


15,750 


. . 7,000 


9,000 


15,750 


21,000 


25,200 


.. 11,500 


15,000 


27,000 


35,000 


42,000 


.. 17,500 


22,500 


39,300 


52,500 


73,000 


. . 26,700 


34,300 


60,100 


80,000 


96,000 


. . 39,000 


50,500 


88,500 


108,000 


141,500 


. . 61,200 


78,750 


137,500 


183,700 


215,500 


. .103,250 


132,750 


231,200 


309,759 


371,700 


..245,000 


315,000 


550,000 


735,000 


862,000 


are 6.230. 


840 B. t. 


u. require 


d in ten hours or 
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600 minutes, there will be 13,848 required per minute. 
The table shows that, at 60 pounds pressure, a steam pipe 
fi inch in diameter would be required. Here, as in the 
previous case, and for the same reasons, good practice 
would recommend a larger pipe. 

In discussing the construction, heating and adminis- 
tration of swimming pools, Jos. £. Raycroft, M. D., of 
Princeton University, says that there have been more sins 
of omission than commission in the construction of swim- 
ming pools than in any other item of equipment for play- 
ground or gymnasium, and states that some of the com- 
mon mistakes which have been repeated singly or in 
groups in many pools in the country are as follows: 

First: The selection of a bad location — not infrequent- 
ly in a basement in which the ventilation is inadequate 
and which i<s inaccessible to sunlight or even daylight. 

Second: Bad type of construction so that it is difficult 
or impossible to keep the pool and its surroundings in a 
sanitary condition. 

Third: Inadequate provision for ventilation. (We 
should put this third mistake first on the list.) 

Fourth: No provision for filtering or sterilizing the 
water in the poot 

Fifth: Insufficient water supply, openings for supply 
and escape too small, or inadequate facilities for heat- 
ing so that an undue length of time is required to empty, 
clean and refill the pool with warm water. 

Sixth: No hose connection with hot or cold water for 
use in washing the pool. 

Seventh: Dimensions that are unusual and difficult to 
measure for competitive activities; e.g., length 40, 50 or 
80 feet 

59 



Swimming Pools 



Eighth: Inadequate and badly located shower baths. 

Ninth: No office for swimming instructor or super- 
visor when he is not teaching. (This last mistake having 
reference principally to playground and Y. M. C. A. in- 
structive work.) 

He further states that undoubtedly the reappearance of 
one or more of these mistakes is due to the fact that there 
is little organized and detailed information on the sub- 
ject available. 

The illustrations and descriptions which we have given 
are intended as a basis for comparison and estimating in 
the building and heating of swimming pools in order that 
the mistakes mentioned may be avoided. We suggest 
therefore, 

Some Closing Don'ts. 

Don't fail to have the walls of the pool water tight. 

Don't fail to have a pure and generous supply of fil- 
tered water, -storing an extra supply for the purpose of 
renewal if the filter is inadequate to filter the water as 
fast as ordinarily supplied to the pool. 

Don't have any piping or other attachments obtruding 
into the pool below the water level, and dispense with all 
forms of steps in the construction of the pool substituting 
therefor portable ladders. 

Don't fail to have ample supply of heat units available 
for warming the water in the pool or for tempering the 
water in the pool after it has first been heated. 

Don't fail to have a light and well ventilated room as a 
swimming pool with sunlight (direct or subdued) or even 
daylight is much more enticing and will prove more pop- 
alar than a pool located in a room where artificial lighting 
is required. 
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